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Abstract 
 
The article presents the results of MAGMAsoft application in simulation of the pouring and solidfication of castings  made from 
GS20Mn5 steel, basing on some principles adopted in the  starting technology. The results of simulation were disclosed in the form of 3D 
drawings, showing the technology of pouring, selected stages of solidification, and porosity in castings made by the examined technology. 
Using simulation results, some modifications were introduced to the pouring technology,  the simulation was repeated, and the results 
obtained for the technology before and after the modification were compared. Based on the guidelines provided in new technology, the 
pattern tooling was made. The process of mould preparation was described, along with the process of steel melting and pouring. Castings 
made by the new technology were X-rayed and subjected to heat treatment according to the newly developed cycle. Together with the 
main casting, test wedges were poured. Mechanical tests and structure examinations were performed. The results of  the tests and 
investigations were evaluated. 
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1. Introduction  
 
When operating at low temperatures, the structural steel parts 
increase their brittleness and change the fracture mode from ductile to 
brittle. The change takes place only within certain range of 
temperatures, and knowing the value of impact resistance it is possible 
to establish the ductile-brittle transition point for different steel grades.. 
When designing parts of structures and equipment for low 
temperature operation, the main problem is the choice of proper 
material. With production regime duly observed, low-carbon and low-
alloy steels are suitable for operation at temperatures to -60º C;   
quenching and tempering extends this range to -80º C. Lower 
temperatures require the use of high-alloy steel or other alloys 
[1,2,3,4,5]. The subject of the present study was investigation of a steel 
casting assigned for operation at tempera t u r e s   t o   - 5 5 º  C ;  t h e  c a s t  
material was low-alloy GS-20Mn5 steel according to  DIN17 182:1991. 
The present study discusses the application of numerical simulation  
in description of the casting technology proposed for a newly launched 
production of „tooth” castings. The MAGMAsoft computer simulation 
progrramme as well as other similar programmes of this type are 
designed to reveal (simulate) the phenomena taking place during casting 
pouring, solidification and cooling, highlighting problems typical of 
each technology [6,7,8]. 
Using the results of computer simulation, foundry tooling and prototype 
castings were made, and mechanical tests as well as metallographic 
examinations of the heat treated GS-20Mn5  steel  castings were carried 
out. The ready castings were X-rayed. After evaluation of the obtained ARCHIVES of FOUNDRY ENGINEERING Volume 10, Issue 3/2010, 67-72  68 
results of investigations, a satisfactory quality of the new range of 
castings has been stated, and obtaining of the required mechanical 
parameters was confirmed [9]. 
 
 
2. MAGMAsoft verification of new technology 
for casting of the “tooth” element from GS-
20Mn5 steel 
 
The 220 kg weighing tooth casting made from G-20Mn5 steel has 
several hot spots. For simulation of the casting process, the following 
parameters were adopted: pouring temperature 1600ºC, pouring time 
35 seconds. 
Fig. 1. Casting shape, overall dimensions and marked hot spots 
 
The casting technology was proposed by Magnus-Nord. It included 
design and dimensioning of a gating system, and computation of the 
size and outlay of a feeding system. From this documentation, a 
technical drawing was made in AutoCAD 3D format, and the 
operations of casting pouring and solidification were simulated by 
MAGMAsoft.. Below, the main principles of the adopted technology 
are depicted. 
 
 
 
Fig. 2. Pouring technology – the starting stage 
 
The technology anticipated the use of 9 insulated feeders. 
Further examinations revealed numerous porosity defects in casting, 
mainly due to the liquid metal being unable to reach and feed properly 
the hot spots. The riser was located at a distance too large from the 
casting and was connected with the gating system by a neck of  uniform 
cross-section, showing a tendency to quick cooling. The size of the side 
risers enabled them to solidify for a long time, but they were cut off too 
early from the hot spots they were supposed to feed  (Fig.3) 
 
Riser neck
Hot spot
 
 
Fig. 3. Solidification of riser-casting joint 
 
In spite of the three large risers  used to feed the casting, 
porosities were formed in an area above the hot spot and in the 
central part of casting. After analysis of the results of simulation, 
some changes were introduced to the casting technology (see 
Fig. 4). 
 
 
 
Fig. 4. Modifications proposed in casting technology 
 
The aim of the new technology was not to increase the metal 
volume in mould, but to eliminate the porosities in both side parts 
of the casting above the hot spots and in the central part. To 
achieve this goal, the side risers were connected to the hot spots 
by a larger neck to force the directional solidification. As shown 
on the cross-section of a gating – casting – riser system depicted 
in Fig. 5, the hot spot was successfully transferred to a riser. The 
new arrangement has definitely favoured the directional feeding 
of casting, thus reducing quite considerably the porosity rate.  
Metal weight 517 kg 
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Fig. 5. Solidification stages 
 
 
A very serious problem was feeding of the hot spot in central part 
of casting. The riser placed above the core could not feed the 
deep-lying hot spot. In the modified technology, the use of chills 
in lower part of casting was proposed. The simulation made with 
chills located in position has proved that porosity in this area was 
definitely reduced (Fig.6).  
 
 
 
Fig. 6. Porosity in casting after the introduction of chills 
 
Figure 7 shows the forecast porosity in casting before and 
after modifications introduced to the casting technology. One can 
see that after modifications introduced to casting technology, the 
porosity has been definitely reduced in both side parts of the 
casting above the hot spots and in the central part.  
The modifications included: 
- changed shape of side risers, 
- larger cross-section of necks connecting side  
risers with casting , 
- additional use of chills. 
 
 
 
 
 
 
Fig. 7. Comparison of porosity anticipated for both  
technologies 
 
 
3. Making pilot lot of castings 
 
3.1. Making moulds and castings 
 
A test melt to check the effectiveness of the modified 
technology was made. Moulds were prepared for the “tooth” 
casting. Furan sand technology was used for moulds; the surface 
of moulds was coated with zirconium protective coating. Filters 
were used in the gating system. The drawings below show the 
process of mould preparation.  
 
 
 
Fig. 8. Upper pattern plate ready for pouring 
Hot spot moved to riser 
chills 
Porosity before modifications  
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Fig. 9. Foundry moulds before assembly 
 
Melting of GS20Mn5 cast steel was carried out in a 2 ton 
capacity induction furnace. The following guidelines were used 
for preparation of charge materials,  and for melting, deoxidising 
and pouring: 
  charge materials  prepared by shot blasting of the main 
charge components, i.e. process scrap and steel scrap,  
  materials  preheated to add carburisers, ferroalloys,  Al, 
FeSiCa and make up for the melting loss in chemical 
composition, 
  additional deoxidising of molten metal in ladle with an 
addition of CaSi. 
The metallic charge was composed of the following materials: 
  own scrap of GS20Mn5-  50% 
  commercial steel scrap- 45% 
  additions of  LS2111,FeSi75,Mn,Fe-Mn 
  deoxidisers, i.e. Al,CaSi, FeTi25.  
The cast steel temperature in furnace was 1680ºC; and it dropped 
to 1600ºC after deoxidising with FeCaSi in ladle. 
The following chemical composition of the cast steel was 
maintained: 
  C - 0,25% 
  Si - 0,57% 
  Mn - 1,15% 
  P - 0,020% 
  S - 0,015% 
  Cr - 0,22% 
  Ni - 0,10% 
  Cu - 0,10% 
  Al - 0,12% 
  Ti - 0,08 %  
 
 
3.2. Testing of casting properties 
 
Together with castings, wedge-shaped specimens for testing 
of mechanical properties and structure examinations were poured. 
From  the  cast wedges, specimens for mechanical tests, impact 
resistance tests (KVC) and structure examinations were prepared. 
Tests and examinations were made at the Foundry Research 
Institute using specimens heat-treated in a cycle developed by the 
Institute. The heat treatment cycle included the following steps: 
-  quenching: 
  Heating with furnace to a temperature of 930 º C for 4 h; 
  Holding at this temperature for 1,5 h;  
  Taking out from furnace and cooling in water. 
-  tempering: 
  Heating with furnace to a temperature of 660 º C for 2 h;  
  Holding at this temperature for 1,5 h; 
  Taking out from furnace and convectional cooling in still 
air. 
 
Castings after knocking out and fettling were subjected to 
radiographic inspection performed at the Foundry Research 
Institute. 
Tests were made on two castings in zones A and B, marked 
on the drawing shown below. 
 
Test parameters: 
  DOF 300 X-ray flaw detector made by Scanary used 
for examinations, 
  Exposure: 250kV, 4 mA, 10 min, 
  Radiographs developed on Kodak film, 
  Defect detectability evaluated by wire-type reference 
sample 
 
The radiographs did not reveal any defects that would be 
caused by incorrect feeding of casting during solidification                       
(shrinkage cavities and shrinkage porosities). In zones „A’ and 
„B” small internal discontinuities in the form of blowholes of 2-3 
mm diameter were detected, but they should not affect in a 
significant way the utilisation properties of casting. 
Below the cast tooth subjected to the above described tests and 
examinations is shown (Figs. 10 and 11). Figure 12 shows 
respective radiographs. ARCHIVES of FOUNDRY ENGINEERING Volume 10, Issue 3/2010, 67-72  71
 
 
Fig. 10. The “tooth” casting 
 
 
 
Fig. 11. Cast tooth – zones selected for X-ray examinations. 
 
 
 
 
 
Fig. 12. Radiographs from casting examinations 
 
Below the as-cast microstructure of a steel casting is shown. 
 
 
Etched with Mi1Fe, 100x 
 
 
 
Etched with Mi1Fe,  500x 
 
Fig. 13. Microstructure of cast specimen   
(  ferrite +pearlite ) 
 
 
 
Unetched  1000x 
 
Fig. 14. Microstructure of non-metallic inclusions present in 
casting (manganese sulphides, oxides and silicates) 
B 
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Tensile tests at ambient temperature and impact resistance 
tests KCV at 20ºC, - 30ºC, - 55ºC were carried out. The values as 
stated below were obtained : 
  Rm :707- 715 MPa,  A5 : 16,2-19,2 % 
  KCV at temp.  20ºC :  72,6 -82,4 J 
  KCV at temp.  - 30ºC  : 56,9 -61,8 J 
  KCV at temp. - 55ºC : 44,1 -56,9 J. 
 
 
4. Conclusions 
 
1.  The developed technology ensures fabrication of sound 
castings, i.e. free from the internal and external defects 
2.  The required parameters of impact resistance were obtained in 
castings made from the GS-20Mn5 steel assigned for low-
temperature operation,  namely: 
  Impact resistance at -30ºC : 20 – 50 J 
  Impact resistance at -55ºC : 20 – 30 J. 
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